Mouse interferon (IFN) was produced to high titres after induction of Ehrlich ascites tumour cells with Sendai virus by using an improved procedure. The 1FN molecules were labelled during their synthesis by the incorporation of [3H]leucine and [3H]lysine. Electrophoretically homogeneous labelled IFN with a molecular weight of 34000 was obtained after a two-step purification procedure using poly(I)-agarose and octylSepharose column chromatography followed by sodium dodecyl sulphate-polyacrylamide gel electrophoresis. The specific radioactivity of this IFN was about l0 ct/min/IFN unit.
INTRODUCTION
In addition to its antiviral activity, interferon (IFN) has other, varied biological effects, including the regulation of cell phenotypic expression and anti-tumour, immunomodulating and cell surface-modifying actions. In spite of the extensive literature which has appeared on these subjects over the past 25 years, the real physiological role of IFN is not yet thoroughly understood. This is due in part to the difficulties of producing purified IFN on a large scale and of detecting it by means other than its antiviral activity.
Up to now, the production of labelled ]FN has been hampered by the small number of IFN molecules released per cell and by the difficulty of purifying the active molecule to homogeneity. We report here the production and purification of a potent 3H-labelled mouse IFN from Ehrlich ascites tumour cells after induction by Sendal virus. (Gibco) supplemented with 109/0 (v/v) heatqnactivated calf serum. They were maintained in the same medium plus 5 % calf serum.
METHODS

Cells. Mouse Ehrlich ascites tumour (EAT) cells were grown in monolayer cultures in Fl5 medium
Virus. Sendal virus E72 was prepared on 9-day-old embryonated chicken eggs and titrated by haemagglutination (HA). Vesicular stomatitis virus (VSV), Indiana strain, was propagated in mouse L929 cells and virus titres were estimated by routine plaque techniques, Chemicals,. Sodium butyrate was purchased from Merck (Darmstadt, F.R.G.), theophylline from Sigma, and L-[3H]lysine (40 Ci/mmol) and L-[3H]leucine (45 Ci/mmol) from C.E.A. (Saclay, France), Octyl-Sepharose was obtained from Miles Laboratories (Paris, France), poly(I)~agarose from the Institut Choay (Montrouge, France).
Interferon production. IFN production and its radiolabelling were performed as follows. Monolayers of EAT cells in 60 mm plastic dishes (6 × 106 cells/dish) were pre-treated for 18 h at 37 °C with 5 ml of F15 medium supplemented with 5 9/ 00 calf serum and 2 raM-sodium butyrate. The medium was then removed and replaced by 5 ml of FI5 medium without serum, containing 20 HA units/ml of Sendal virus. After 3 h at 37 °C, the viruscontaining medium was discarded and 5 ml of Earle's balanced salt solution with 292 lag/ml of glutamine, 200 ~tCi/ml of[3H]lysine (5 × 10 -6 M), 200 ~tCi/ml of[SH]leucine (4-4 × 10 -6 M) and 1 mM-theophylline were added to each dish. Uninduced cultures were incubated in the presence of radiolabelled amino acids under the same conditions and used as mock-infected cells. The culture fluids were harvested after further 24 h incubation at 37 °C E. DUSSAIX AND OTHERS and centrifuged at 7000 g for 5 rain to pellet the cell debris. The supernatants from parallel cultures were pooled and kept at pH 2 for 4 days to inactivate residual virus. IFN was titrated in microtitre plates using L 929 cells and VSV as challenge. The titres were expressed in IFN reference units (IU) per ml.
Chromatographic procedures. Samples of 10 ml of the culture supernatants were diluted with 20 ml of 10 mMTris-HCl buffer pH 7-5. The total volume of this solution was loaded on 2 ml of poly(I)--agarose which had been packed in a polystyrene disposable syringe and equilibrated with the same buffer. After washing with this buffer, the IFN activity retained on the poly(I)-agarose was eluted with 1 M-NaC1 in 10 mM-Tris-HC1 pH 7.5. Fractions of 0.7 ml to 0.8 ml were collected. The pools of active materials eluted from the column and diluted fivefold with 0.02 M-sodium phosphate buffer pH 7.4 containing 0.2 M-NaC1 were applied onto an octyl-Sepharose column (0.9 x 8 cm) equilibrated with the same buffer. The column was then washed successively with 0-02 M-sodium phosphate pH 7.4 containing 0.2 M-NaC1 (eluant El), 0.02 M-sodium phosphate pH 7.4 containing 1 M-NaC1 (eluant E2) and 50~ ethylene glycol in E 2 (eluant E3). Fractions of 0.8 to 0.9 ml were collected.
Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE).
Polyacrylamide gel slabs (15~ or exponential 5 to 15~ gradient gels) were used. Gel polymerization and electrophoresis were performed using the Laemmli system (Laemmli, 1970) with an apparatus described by Studier (1973) . Before electrophoresis, the samples were dialysed against electrode buffer (0.025 M-Tris, 0.2 M-glycine and 0.1 ~ SDS) for 3 h. Each sample was electrophoresed in duplicate tracks. One of these was dried for fluorography; the other was cut transversely into 1 mm slices and each slice eluted in electrode buffer at 4 °C for 18 h for assays of biological activity.
Protein determination. Protein concentration was measured according to Spector (1978) .
RESULTS
Optimal conditions for labelled IFN production
Large-scale production of IFN is needed to recover sufficient amounts of labelled IFN after purification. The yields of mouse IFN, produced by EAT cells after induction with Sendai virus, are on the average of 2 x 105 IU/ml. In order to increase IFN production in these cells, we have used together two compounds known to enhance IFN yields in various cell lines: theophylline (Mecs, 1973; Reizin et al., 1975; Slattery et al., 1980) and sodium butyrate (Adolf & Swetly, 1979; Johnston, 1980; Baker et al., 1980) . When 2 mM-sodium butyrate and 1 mM-theophylline (optimal concentrations for each compound) were added to the culture medium as described in Methods, IFN activities generally ranged from 2 × 106 to 2 × 10 v IU/ml with a specific activity of 4 x 106 to 6 × 107 IU/mg. The presence of sodium butyrate in the medium during the induction and/or production phases did not increase IFN production above this level, nor did the inclusion of theophylline at the time of induction (data not shown). On the other hand, pretreatment of the cells by sodium butyrate alone augmented IFN yields up to twofold, whereas theophylline alone during the production phase increased IFN titres 14-fold on average, but with greater fluctuations from one assay to another. A comparable procedure for obtaining high levels of mouse IFN from C243 cells after induction with Newcastle disease virus was recently described by Cachard & De MaeyerGuignard (1981) .
In order to label IFN molecules to a satisfactory activity, we have used two radioactive amino acids, [3H]lysine and [3H]leucine. The choice of leucine is based on its frequent occurrence in the three known mouse IFN species released by EAT cells (Cabrer et al., 1979; Kawakita et al., 1978) . Furthermore, to increase the efficiency of radioactive amino acid incorporation into the synthesized IFN molecules, 3 h after induction the medium was discarded and a balanced salt solution containing no amino acid except glutamine was used (Yonehara et al., 1980) . This time corresponds to the beginning of IFN production in the medium (data not shown).
The labelled IFN yields were found essentially unchanged compared with those of unlabelled IFN obtained in the same conditions.
Purification
The main steps in radioactive IFN purification are based on known physicochemical properties of mouse IFN. They include relatively selective binding to single-stranded polynucleotides (DeMaeyer-Guignard et al., 1977; Chelbi-Alix & Thang, 1981) , the use of hydrophobic ligands (Davey et al., 1976) such as octyl-agarose, separation on SDS-PAGE (Taira et al., 1980) , and a good recovery from gel elution. The procedures reported in this paper are c o m b i n a t i o n s of chromatography a n d gel electrophoresis. They lead to a preparation of radioactive I F N which is apparently homogeneous after gel electrophoretic analysis.
Chromatography on poly( I)-agarose column
All unincorporated radioactive a m i n o acids passed through the column, whereas no I F N activity was detected in the flow-through fractions, as has already been shown for other mouse IFNs. Thus, there was no need to eliminate the excess of labelled a m i n o acids by dialysis of the supernatant. The ] F N activity and radioactivity were concentrated into two fractions (N3 and N4). 1.5 x 108 ct/min and 4 x 106 I U of I F N with a specific activity of 1 x 107 I U / m g protein were eluted in these two fractions. Mixtures A and B were subjected to electrophoresis on a 5 to 15% gradient gel. Each fraction was loaded in six adjacent slots (300 ~tl/slot) which, just after the end of electrophoresis, were cut transversely into 1 mm slices between pre-stained 20K and 40K markers. The slices corresponding to the same migration position from the six lanes were combined and eluted in 400 ~tl of electrophoretic buffer. The homogeneity of the eluted material (mixtures A and B) was checked by further electrophoresis on a 15 % polyacrylamide-SDS gel. Lanes 1 are the total mixtures, A and B; lanes 7 and 8 for A and lanes 2 and 3 for B show the labelled species eluted from the gel slices with the highest IFN activity. Protein markers are as in Fig. 1 and 2 .
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Chromatography on octyl-Sepharose column
More than 6 × 10 v ct/min passed through the column and 8 x 106 ct/min were washed out by E1 and Ez. No I F N activity was detected in the corresponding fractions. In contrast, 6 x 105 IU of I F N were recovered in the eluted ethylene glycol fractions, with a peak activity in fractions 5 to 8 (3.8 x 105 IU with a specific activity of 9 × 106 IU/mg) and a shoulder activity in fractions 9 to 11 (2.4 × 105 IU with a specific activity of 1.4 x 107 IU/mg). The radioactivity recovered in these latter fractions corresponded to 20% of the total radioactivity loaded on the column. Further analysis of the labelled preparation using SDS-gel chromatography showed that, in spite of the apparent lack of increase in specific activity (probably due to the loss of biological effect), a number of contaminating proteins was eliminated during the second purification step.
SDS-polyacrylamide gels
In Fig. 1 are presented the electrophoretic patterns of radiolabelled proteins from uninduced (a) and induced (b) cells and subsequently eluted from poly(I)-agarose and octyl-Sepharose. After this latter step of purification, analysis shows that in the induced sample (lane 6) and in the vicinity of the 30K protein marker, there were three radioactive bands (a, b and c) comigrating with antiviral activity. These bands were not detected in the mock-infected sample (lane 3).
The fractions 5 to 8 eluted from the octyl-Sepharose column and containing the peak of I F N activity were pooled, resulting in a fraction designed as mixture A. The fractions 9 to 11 (shoulder activity) were also pooled (mixture B). Samples of each mixture were analysed on a 5 to 15 % polyacrylamide gradient gel: their radioactive protein patterns were found to be different (Fig. 2) . However, one constant feature was observed: the presence of band b in both. IFN activity was also found in the vicinity of band b region. Attempts were made to isolate this band by one-step electrophoresis.
Separation of band b by electrophoresis
Proteins of mixtures A and B, separated by electrophoresis on a 5 to 15 ~ gradient gel, were eluted from the gel and the homogeneity of the eluted material was determined by further electrophoresis on a 15 ~ acrylamide-SDS gel. Details of the separation and elution of proteins are described in the legend of Fig. 3 . From this figure, it appears that two slices of gel for mixture A, and for mixture B, contained one single radioactive band that migrated exactly at the position of band b and coincided with IFN activity. The band b of mixture A and mixture B, isolated by gel electrophoresis, contains 16 to 25~ of the IFN units initially loaded, i.e. 6 x 104 IU with 6 × 105 ct/min. The protein concentration was not detectable by the method used. Based upon the recovery of IFN units and radioactivity as compared to the starting material (approx. 1 × 10 v IU/mg for each mixture), the specific activity of the purified IFN can be estimated as being higher than 108 IU/mg. According to the protein markers, the tool. wt. of this radioactive protein is about 34000 (34K). Thus, the radioactive IFN purified by the procedure described here is comparable to one of the two IFN-/~ species produced by EAT cells and reported by Kawakita et al. (1978) and Cabrer et al. (1979) . The specific radioactivity of this IFN was about 10 ct/min/units, resembling that obtained by Knight & Hunkapiller (1981) for human radioactive IFN-/~ but higher than radiolabeUed mouse IFN (Yonehara et al., 1980) whose specific radioactivity was 1.1 ct/min/227 units. DISCUSSION We describe here a relatively simple procedure to obtain a homogeneous preparation of a labelled IFN with high radioactive specific activity (10 ct/min/unit). This value could also be estimated from the specific activity of the 3H-labelled amino acids (approx. 40 gCi/mmol). Thus, assuming the theoretical specific activity of mouse IFN as l09 IU/mg and the counting efficiency as 106 ct/min/gCi, a specific activity of 10 ct/min/unit would correspond to 10 I-tCi/mg of protein. The activity could easily be increased by using a labelled amino acid with higher specific radioactivity.
The labelling is due to internal incorporation of natural amino acids into the protein after induction by virus. The IFN preparation obtained has the characteristics of IFN-/~ in EAT cells. The production and purification of this IFN have been routinely performed for over 2 years in our laboratory. It can be easily scaled up to large-volume preparations because the chromatography steps can considerably concentrate the starting volume. On the other hand, on analysing the fractions obtained in an SDS gel, no significant antiviral activity was found in the 20K position corresponding to IFN-c~. However, all previous characterization of mouse IFN has been performed with IFNs produced by NDV-induced cells. It is possible that the IFN molecular species produced by EAT cells induced with Sendai virus could be different from those of mouse cells induced by NDV, or that IFN-~ could be denatured in the course of gel electrophoresis in the presence of SDS.
